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X-ray diffractionAbstract Novel Ag2S/PbSO4 nanocomposites have been successfully synthesized by solvothermal
process in propylene glycol as solvent. In this study, sodium dodecyl sulfate (SDS) was applied not
only as a surfactant, but also as a sulfur source to produce Ag2S/PbSO4. The products were char-
acterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), photoluminescence (PL) spectroscopy and energy dispersive spectroscopy
(EDS). The absorption and photoluminescence study of the Ag2S/PbSO4 nanocomposite showed
quantum conﬁnement behavior with band gap of 3.1 eV. Moreover, effects of reaction time on
the morphology and particle sizes of the ﬁnal products have been investigated by SEM images.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Presently, nanocomposites have attracted much attention to a
number of material scientists and engineers, due to their novel
properties which are caused by small size, large surface area,
and quantum-dimension, resulting in improved physical and
chemical properties. The mechanical, electrical, thermal, opti-
cal, electrochemical, and catalytic properties of the nanocom-
posite differ markedly from those of the component materials.
Size limits for these effects have been proposed, <5 nm forcatalytic activity, <20 nm for making a hard magnetic material
soft, <50 nm for refractive index changes, and <100 nm for
achieving super-paramagnetism, mechanical strengthening or
restricting matrix dislocation movement. Nanocomposites are
found in nature like in the structure of the abalone shell and
bone. There are different types of nanocomposites, including
hollow spheres Fe2TiO5/a-Fe2O3 nanocomposite [1], carbon
hollow spheres encapsulating silver nanoparticles [2], hollow sil-
ica/magnetic composite spheres [3], hollow zeolite spheres [4],
Polyaniline (PANI)/Fe3O4 composite hollow spheres [5], and
micro spheres Mg5(OH)2(CO3)4Æ4H2O [5], CdS [6,7], Fe3O4 [8],
cube-like PbSO4 precipitated in a solution of polyethylenimine
[9], rod-shape PbSO4 nanocrystal prepared in the presence of
poly (sodium-p-styrene sulfonate) (PSS) [10], lamellar
mesostructures of nanocrystalline PbSO4 prepared by
hydrothermal treatment [11], and lead sulfate ﬁlms with two-
layer structure [12]. In this manuscript, the production method
Table 1 Reaction conditions for Ag2S/PbSO4
nanocomposites.
Sample No. Sulﬁde source Temperature (C) Time (min)
A1 SDS 200 4
A2 SDS 200 6
A3 SDS 200 10
A4 SDS 200 15
194 M.A. Karimi et al.of Ag2S/PbSO4 nanocomposites is reported. Thus, the effect of
reaction time on the morphology and particle size of products
was studied.
2. Experimental
2.1. Synthesis of Ag2S/PbSO4 nanocomposite
In a typical experimental procedure, Ag2S/PbSO4 nanocom-
posite was prepared from a mixture of AgNO3 (2 mmol),
Pb(NO3)2 (1 mmol), and sodium dodecyl sulfate (SDS) as a
sulﬁde source (2 mmol) with the molar ration of Ag:Pb:S,Figure 1 XRD patterns of (a) Ag2S/PbSO42:1:2 in the 30 ml propylene glycol. The earlier mentioned mix-
ture was continuously stirred for 2 h and then placed in a
Teﬂon-lined stainless steel autoclave of 55 mL capacity. The
autoclave was sealed and maintained at 200 C for 4 h in an
electric oven and the reaction was performed in various condi-
tions (Table 1). After the reaction, the autoclave was allowed
to cool naturally to room temperature. The yellow precipitate
was centrifuged, washed out with alcohol and distilled water
three times and dried under vacuum at 75 C for 4 h. The pur-
ity and morphology of the as-prepared product were charac-
terized by XRD, SEM, TEM, PL, and EDS.
2.2. Characterization
The XRD patterns were collected from a diffractometer of
Philips Company with X’pertpro monochromatized Cu Ka
radiation (k= 1.54 A˚). A LEO 1455VP scanning electron
microscope (SEM) was used to investigate the morphology
of Ag2S/PbSO4 nanocomposite. TEM images were obtained
on an EM208 Philips transmission electron microscope with
an accelerating voltage of 100 kV. EDS spectrum was recorded
on a XL30, Philips. Room temperature photoluminescencenanocomposites (b) PbSO4 nanoparticles.
Figure 2 SEM images of Ag2S/PbSO4 nanocomposites (a) sample No. A1 (b) sample No. A2 (c) sample No. A3 (d) sample No. A4.
Figure 3 TEM image of Ag2S/PbSO4 nanocomposites (A2).
Figure 4 Room temperature PL spectra of (a) Ag2S/PbSO4
nanocomposites sample No. A2 (b) PbSO4.
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(LS 55) ﬂuorescence spectrophotometer. UV–Vis diffuse reﬂec-
tance spectroscopy analysis (UV–Vis) was carried out using a
Shimadzu UV–Vis scanning spectrometer.
3. Results and discussion
XRD spectra (Fig. 1a) were speciﬁed as Ag2S/PbSO4
nanocomposites (sample A2) which have composite diffraction
peaks arising from both Ag2S and orthorhombic PbSO4 (space
group Pbnm, JCPDS No.05-0577). Besides, a few diffraction
peaks (marked as ‘‘o’’) in the XRD pattern of this sample
Figure 5 EDS pattern of Ag2S/PbSO4 nanocomposites (sample
No. A2).
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shows the XRD pattern of Ag2S. The diffraction peaks
observed in Fig. 1b can be indexed to pure orthorhombic
phase PbSO4 (space group 1213, JCPDS card No. 36-1461).
To understand the inﬂuence of reaction time on the size of
Ag2S/PbSO4 nanocomposite, several experiments were carried
out on the basis of time variable, and the products obtained at
different stages were investigated using the SEM techniques.
Fig. 2a shows the size and morphology of the Ag2S/PbSO4
nanocomposite synthesized at 200 C for 4 h in the presence
of SDS as a sulﬁde source, product is mainly composed of
the nanoparticles with an average size of about 35–50 nm
and only a few exceptions with larger grains coexist. Fig. 2b
shows the SEM image of Ag2S/PbSO4 nanocomposite (sample
A2). As shown in Fig. 2b, the product is mainly composed of a
large amount of particles with an average size of about 35 nm,
and these Ag2S/PbSO4 nanocomposites with regular shapesFigure 6 Diffuse reﬂectance spectrum of Ag2were easily aggregated together. With the reaction progressing
to 10 h, Ag2S/PbSO4 nanocomposite consists of agglomerated
particle in the form of microsphere with an average size of
about 30–45 nm, as shown in Fig. 2c. However, with contin-
ued increase in the solvothermal reaction time to 15 h while
the temperature was still maintained at 200 C, the
Ag2S/PbSO4 nanocomposite with an average size of
20–30 nm was produced with irregular shapes (Fig. 2d). The
size and nanostructure of the product were further examined
with transmission electron microscopy (TEM). TEM image
of sample A2 is shown in Fig. 3. As shown in Fig. 3, the
Ag2S/PbSO4nanocomposite consists of separated particles
and the size is about 35–50 nm, which is almost consistent with
that observed from SEM image sample A2.
Photoluminescence (PL) measurement of Ag2S/PbSO4
nanocomposite (sample A2) and PbSO4 was carried out at
room temperature as shown in Fig. 4a and b, respectively.
Photoluminescence spectrum of Ag2S/PbSO4 nanocomposite
consists of two emission peaks at 400 and 470 nm which shows
the red-shift relative to bulk PbSO4 (Fig. 4b). These facts were
caused by defects in the nanocomposites. EDS analysis mea-
surement was employed to investigate the chemical composi-
tion and purity of as-synthesized Ag2S/PbSO4
nanocomposites (sample A2). EDS spectrum of Ag2S/PbSO4
nanocomposites (Fig. 5) revealed the presence of Ag, O, Pb,
and S contained in these nanocomposites. Fig. 6 shows the
UV–Vis spectra of the Ag2S/PbSO4 nanocomposites (sample
A2) obtained on quartz glass substrates. The fundamental
absorption edge in most semiconductors follows the exponen-
tial law. Using the absorption data, the band gap was esti-
mated by Tauc’s relationship:
a ¼ a0ðhm EgÞn=hm
where a is the absorption coefﬁcient, hm is the photon energy,
a0 and h are the constants, Eg is the optical band gap of the
material, and n is an integer which depends on the nature of
transition. For direct transitions, n=½ or 2/3, while for indi-
rect n= 2 or 3 depending on whether they are allowed. The Eg
value is calculated as 3.6 eV for the sample A2. However, aS/PbSO4 nanocomposites (sample No. A2).
Synthesis and characterization of Ag2S/PbSO4 nanocomposites 197similar reaction was reported by other authors, the mechanism
of this reaction is explained in the following steps: (i) DS
Pb2+ is formed in the presence of SDS surfactant and Pb2+
ion. (ii) In an autoclave, under pressure and high temperature,
SDS molecules partially decompose to form SO4
2, and also
form PbSO4 nanocrystals in the presence of Pb
2+. Although
the decomposition of SDS results in the formation of S2 as
well, the afﬁnity of Ag2+ as a very soft acid toward it, ends
up in the formation of Ag2S/PbSO4 nanocomposites.
4. Conclusions
In this study, sodium dodecyl sulfate (SDS) was applied not
only as a surfactant, but also as a sulfur source to produce
Ag2S/PbSO4 nanocomposites by the solvothermal method in
the presence of propylene glycol as solvent. The systematic
investigations showed that the reaction time could have a
strong effect on the morphology and particle sizes of
Ag2S/PbSO4 (Table 1). Ag2S/PbSO4 nanocomposites were
characterized by XRD, EDX, and SEM.References
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